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Abstract
Background Flow diverters are used to treat complex aneu-
rysms that are not amenable to coiling. The aim of the present
work was to retrospectively evaluate our experience with the
Silk flow diverter. Technical nuances and complications are
specifically discussed.
Methods Retrospectively data was collected on patients treat-
ed with Silk between October 2008 and October 2013.
Results Sixty patients harboring 67 aneurysms were treated
using the Silk. Fifteen aneurysms were located in the posterior
circulation and 52 in the anterior. A good angiographic result
was achieved in 88 % (53/60) of the aneurysms available for
imaging follow-up. There were ten treatment-related compli-
cations, 80 % were ischemic. Risk of complications increased
with aneurysm size and in aneurysms of the posterior
circulation.
Conclusions Silk flow diverters are a good treatment option
for aneurysms of the anterior circulation. Additional stents
may be required in specific cases due to the Silk’s low radial
resistance. Treatment of giant fusiform aneurysms of the pos-
terior circulation with Silk flow diverters is associated with a
high rate of severe complications.
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Introduction

Endovascular coil embolization is now the treatment of choice
for most intracranial aneurysms [10, 13]. However, coiling has
its limitations, mainly in the treatment of wide-neck aneu-
rysms due to the risk of coil protrusion into the parent artery
and/or recanalization of the aneurysmal sac [13, 14, 18].
Several techniques were developed to overcome these limita-
tions, including balloon remodeling and stent assisted coil
placement. Diversion of blood flow away from the aneurysm
lumen was suggested as another alternative in selected cases
[4, 13]. Initial experience with flow diversion was done using
stents such as the Neuroform (Boston Scientif ic
Neurovascular, Fremont, California, USA) or Leo (Balt,
Montmorency, France) that were originally developed for
stent-assisted coiling [6]. Recently a new, self-expandable
stent was introduced: Silk (Balt, Montmorency, France),
which was specifically designed as a flow diverter [1, 2, 8,
9, 11, 16]. The Silk has several potential advantages for aneu-
rysm treatment. It has a tightly woven structure, improving
flow diversion from the aneurysm, thus facilitating aneurysm
closure while still allowing sufficient blood flow to perfora-
tors. It is supplied with a soft microcatheter and is easy to
navigate; moreover, it can be re-sheathed and relocated [2,
9]. Currently there are only limited data on the use of Silk in
the literature [1, 2, 8, 9, 11, 16].

We have been using the Silk flow diverter in the treatment
of complex aneurysms since 2008 and have previously pub-
lished our short-term experience in 28 patients [9].With grow-
ing experience, we expanded our indications to include also
technically challenging small aneurysms (<10 mm diameter),
where we estimated that flow diversion would be more effec-
tive than balloon remodeling with coils. Reasons for using
flow diversion in small aneurysms were: several adjacent
small aneurysms where a single Silk was deployed to treat
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two or three adjacent aneurysms, blister aneurysms, wide neck
and dissecting aneurysms.

The present study aimed to evaluate our ongoing experi-
ence with Silk in the treatment of brain aneurysms in both the
anterior and posterior circulation.

Patients and methods

Patients

We retrospectively reviewed our prospectively collected data-
base for patients who were treated with the Silk flow diverter
during a 5-year period, between October 2008 and October
2013. Age, date of diagnosis, the clinical presentation, imag-
ing finding, the neurosurgical and medical treatment modali-
ties, and complications were noted. The study was approved
by our institutional review board.

Patients were evaluated clinically before and after each
treatment, and periodically during the follow-up period.
Clinical outcome was assessed using the modified Rankin
score (mRS). It is our practice to perform a cross-axial imag-
ing (computed tomography angiography [CTA] or magnetic
resonance angiography [MRA]) as first follow-up at 6 months
after treatment, and thereafter digital subtraction brain angiog-
raphy, depending on the clinical condition of the patient and
the radiological characteristics of the lesion.

Procedures

All the endovascular procedures were performed by the same
invasive neuroradiologist (S.M.). All treatments were per-
formed under general anesthesia. Catheterization was per-
formed with a transfemoral approach using standard coaxial
techniques. When deploying a Silk flow diverter, or a braided
Leo stent, a long sheath is used to support the guiding catheter.
Patients planned for stent placement were prepared with aspi-
rin (100 mg/day) and clopidogrel (75 mg/day) for a minimum
of 3 days prior to treatment.

The measurements of vessel diameter, neck and aneurysm
size that were taken from the CTA or MRA were used for
treatment planning. We used measurements from CTA/MRA
imaging to select the best stent/flow-diverter diameter, taking
into consideration the data from three-dimensional angiogra-
phy when it was performed.

Ideally, for flow diversion the device should appose the
entire circumference of the artery with enough radial force to
provide a seal and prevent device migration. Therefore, due to
the Silk’s relatively low radial force compared with the Leo
braided stent [7, 9], we prefer to insert a device that is larger by
one size (0.5 mm) than the diameter of the parent vessel and
longer than the diseased segment (~6 mm on each side) in
order to achieve better apposition to the vessel’s wall and

prevent device migration [9]. In addition, in selected cases
of fusiform or wide-necked (>8 mm) saccular aneurysms,
we use an adjuvant Leo stent as support for the Silk flow
diverter. In these cases we deploy the self-expandable braided
Leo stent first, as a scaffold, and then deploy the Silk flow
diverter into its lumen.

The Silk is deployed by navigating a Vasco microcatheter,
which is supplied with the Silk package, to the segment distal
to the aneurysm. This is done with the aid of any 0.014 or
0.016 guide wire.

Indications

Silk flow diverters were used for the following indications:
Large and giant aneurysms mainly with wide neck
(dome-to-neck ratio less than 2 or neck >4 mm); fusiform
aneurysms; dissecting aneurysms; two or more adjacent aneu-
rysms. Specifically, small aneurysms were treated in cases
where there were several adjacent aneurysms that could be
treated with a single device, blister aneurysms, or in cases of
small aneurysms with wide neck, where we estimated that
flow diversion would be less technically demanding than bal-
loon remodeling. A wide neck was defined as dome-to-neck
ratio less than 2 or neck >4 mm; by definition all fusiform
aneurysms are wide-necked.

On rare occasions, we used coils with Silk; this was per-
formed according to the treating physician’s judgment, mainly
when patients were treated during the acute phase of subarach-
noid hemorrhage (SAH) or in patients who were on
anticoagulation therapy. Coiling was performed according to
standard endovascular technique.

Follow-up policy

Angiographic results were classified into three categories ac-
cording to the Raymond scale: complete obliteration
(Raymond class I), near complete (Raymond class II, i.e. re-
sidual neck) or partial obliteration (Raymond class III) [15].
Our policy/routine is to perform non-invasive imaging (CTA/
MRA) 3–6 months post treatment, and a formal angiography
at a later stage when the cross-sectional angiography shows
more than 80 % occlusion of the lumen.

Statistical analysis

Multiple univariate analyses were performed to investigate the
association between outcome and categorical demographic
and treatment related variables. In order to understand the
independent effects of individual covariates on outcome, a
multivariate model was generated. The goal was to create
the simplest predictive regression model that best fit the study
data. To create the predictive model, backward elimination
logistic regression was used. Potential predictor variables
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were included in the modeling if their associated P value on
univariate analysis was less than 0.1 or if the variable was
thought to be clinically relevant.

Statistical analysis was performed by SAS for windows
version 9.2.

Results

Epidemiology

Between October 2008 and October 2013 we treated 60 pa-
tients with 67 intracranial aneurysms using the Silk flow
diverter. Mean age of patients was 57.3 ± 13.3 years (range,
12–89 years), and 75 % were females (n = 45).

Fifty-two aneurysms (78 %) were located in the anterior
circulation (including the PCOM) and 15 in the posterior cir-
culation (22 %); locations of the aneurysms are given in
Table 1.

There were 14 giant aneurysm (>25 mm), comprising
20.8 % of the entire cohort, 25 large (10–24 mm), and 28
small (≤10 mm). The small aneurysms comprised 41.8 % of
the entire group. All 39 large and giant aneurysms and 22/28
of the small aneurysms were wide-necked.

Eight of the 14 giant aneurysms (57 %) were located in the
posterior circulation, comprising 53.3 % (8/15) of posterior
circulation aneurysms in our series.

The presenting symptoms were cerebral vascular accident
(CVA)/transient ischemic attack (TIA) in eight cases (13.3 %),
headaches in 12 cases (20%), cranial nerve (CN) compression
in 13 cases (21.6 %) (CN II, III and VI) and SAH in 12 cases
(20%). In eight cases the bleedingwas from the aneurysm that
was treated (three were treated during the acute phase) and

four aneurysms were discovered after bleeding from another
aneurysm. Fifteen cases (25 %) were incidental findings.

Treatments

Sixty-two Silk flow diverters were inserted for the treatment
of 67 aneurysms. We were able to successfully navigate and
deploy the Silk in all the treated cases. In most cases (54/67
aneurysms), one Silk flow diverter was deployed for treatment
of a single aneurysm. In four cases, the same device was used
to treat two or more adjacent aneurysms (11/67 aneurysms). In
two cases, two Silks needed to be deployed (2/67 aneurysms):
in one case because of suboptimal placement of the first Silk
in a previous session, and in another case because of shorten-
ing of the first Silk deployed at the same session.

Six patients required a second treatment after the insertion
of a Silk flow diverter, resulting in 66 treatment sessions. The
reasons for the second treatment were for insertion of a second
Silk flow diverter in three cases, for reopening of an in-stent
thrombosis and insertion of a supporting Leo stent inside the
Silk flow diverter in one case, for closure of the vertebral
artery on the contra lateral side in one case and for insertion
of coils into an ACOM aneurysm due to incomplete occlusion
because of Coumadin treatment in one case.

Adjuvant stents were used in 20 cases as a frame for inser-
tion of the Silk flow diverter. This was done in order to bridge
across wide-necked (>8 mm) or fusiform aneurysms due to
the Silk’s tendency to bulge and shorten in wide lumens [9]
(see illustrative case in Fig. 1). Our main adjuvant stent was
the Leo stent. Eighteen Leo stents were inserted in 17 cases;
three other stents were also used: one Solitaire as a support for
the distal part of a Silk in a complex ACOM aneurysm and
two coronary stents (one in the first case of Silk shortening,
and a second in order to change the curve of the vessel at the
aneurysm neck and assist in deflecting the flow from the
aneurysm).

Ten cases (15 %) were treated with flow diversion after
reopening of a previously coiled aneurysm.

Immediate complications

There were ten immediate post procedural clinical complica-
tions; of them, eight were ischemic (Tables 2 and 3). There
were three severe ischemic complications. In two cases of
giant fusiform (non-dissecting) vertebrobasilar aneurysms that
were treated by flow diversion from one vertebral artery to the
basilar artery using Silk, the contralateral vertebral artery was
also occluded with coils. Both patients developed brainstem
infarction at the level of the vertebro-basilar junction, presum-
ably due to perforant artery occlusion at that level.

Four of the complications resulted in mortalities; three of
the four patients who died were severely disabled (mRS 3–4)
before treatment.

Table 1 Distribution of aneurysms by location

Location Number

Anterior circulation

ACOM 4

Pericallosal 1

Clinoid + supraclinoid 38 (5 PCOM)

Cavernous segment 4

MCA 3

Carotid bifurcation 2

Posterior circulation

PCA 1

Basillar 10

Vertebral (V4) 4

Total 67
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We had two technical complications that were without any
clinical implications. In both cases the Silk device was too
short and a second device had to be inserted. This was due
to underestimation of the required length.

Follow-up

Imaging follow-up was available for 60 aneurysms in 53 pa-
tients; at a mean time of 15 ± 9.5 months after treatment.
Digital subtraction angiography (DSA) was performed for
51 aneurysms, MRA for eight and CTA for one.

Imaging follow-up was missing for seven aneurysms: four
patients died, one patient was left severely disabled and did
not perform imaging follow-up, and two cases were lost to
follow-up.

Good angiographic result, defined as complete (Raymond
class I; n = 46) or near complete (Raymond class II; n = 7 with
small neck remnant), was achieved in 88 % (53/60) of the

aneurysms available with imaging follow-up (Table 3). In
seven cases we were able to achieve only partial occlusion
(Raymond class III). No case of bleeding from the treated
aneurysm after discharge was seen during follow-up.

Three cases (5 %) of in-stent flow insufficiency/occlusion
were noted during follow-up. In the first case, a Silk placed in
the left cavernous carotid was occluded on angiography per-
formed 8 months later, probably due to poor compliance with
antiaggregant treatment with Plavix. The patient was neuro-
logically intact due to good collateral circulation through the
circle ofWillis and it was decided not to intervene. The second
case was of a Silk placed for a giant non-dissecting
vertebro-basilar aneurysm. When the patient arrived for a
second-stage planned occlusion of the contralateral vertebral
artery, the Silk device was found to be occluded. It was decid-
ed to recanalize using balloon angioplasty (PTA) and a Leo
stent placed inside the Silk. On follow-up angiography
8 months later, the artery was still patent. The third patient

Fig. 1 Giant fusiform basilar
aneurysm. A 61-year-old man
presented with CVA in the
brainstem. MR and angiography
demonstrated a giant fusiform
aneurysm along the entire basilar
artery (a, b). During endovascular
treatment two telescoping Leo
stents were deployed and then a
Silk flow diverter was inserted
inside (c). The left vertebral artery
was occluded at the distal V4
segment (d). Four months
postoperatively, MRI showed
flow inside the Silk and early
thrombosis of the aneurysm
lumen outside the stent (e).
Follow-up angiography was
performed at 1 year
postoperatively, demonstrating
complete obliteration of the
aneurysm (f)
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developed imaging signs of in-stent stenosis after discontinu-
ation of Plavix, presumably due to intimal hyperplasia. This
was found on routine follow-up angiography. The stenosis
responded favorably to Plavix reinstatement and resolved on
follow-up angiography 8 months later.

For further statistical analysis in an attempt to identify
factors predictive of outcome of endovascular treatment
with flow diverters, aneurysms were subdivided accord-
ing to maximal diameter as small (≤10 mm), large (11–
24 mm) and giant (>24 mm); according to location as
anterior circulation versus posterior circulation and by
angio-characteristics as fusiform, saccular or dissecting

aneurysms. Presenting symptoms were classified as
bleeding, ischemic, mass-effect, headaches or incidental
(Tables 4 and 5).

Table 2 Complications

No. Age/
sex

Location Size
(mm)

Neck Presenting Sx Complication Clincal Sx Pre
mRS

Post
mRS

mRS
6 m

1 59/F Carotid bif. 30 × 10 Wide s/p SAH and
coiling

Emboli Worsening dysphasia 4 4 4

2 59/M Basilar tip 25 × 20 Wide Diplopia d/t BS
compression

1. Emboli
2. Worsening BS compression

Dysarthria, dysmetria 0 3 1

3 89/F PCOM 35 × 25 Wide CN III palsy 1. Retroperitoneal hematoma,
2. Severe hypotension
3. Stroke

Hemiparesis Sepsis
Death

1 6 –

4 54/F Sup. clinoid 16 × 14 Wide incidental Emboli Dysphasia, mild
hemiparesis

0 1 0

5 61/M Basilar fusiform 25 Wide Recurrent VB
strokes

Perforant occlusion, BS stroke Worsening hemiparesis,
dysarthria

3 4 3

6 58/M Basilar fusiform 30 × 30 Wide CVA and BS
compression

Worsening BS compression
and BS edema

Coma, death 5 6 –

7 61/M Basilar fusiform 30 × 16 Wide Recurrent CVA Perforant occlusion, BS
stroke on 2nd Tx

Hemiplegia,
tracheostomy

4 5 4

8 56/F Paraophthalmic 13 × 10 Wide CN II
compression

Worsening CN II compression Blindness 1 2 2

9 65/F Sup.
hypophyseal

10 × 6 Wide CVA Late (pod 14) distant ICH
d/t anticoagulation Tx

Death 1 6 –

10 51/M Basilar fusiform 25 × 16 Wide Recurrent
CVA

Late (pod 10) perforant
occlusion BS Infarct

Death 4 6 –

Table 3 Angiographic results and complications by location and size
of aneurysms

Location Number Complete/near-
complete
occlusion (%)

Complications
(%)

Anterior circulation 52

Small 24 23 (96 %) 0

Large 22 15 (68 %) 4 (18 %)

Giant 6 5 (83 %) 1 (17 %)

Posterior
circulation

15

Small 4 3 (75 %) 0

Large 3 3 (100 %) 0

Giant 8 4 (50 %) 5 (63 %)

Total 67 53 (79 %) 10 (15 %)

Table 4 Results of univariate and multivariate analyses exploring the
association between complications and individual treatment variables

Covariate P value Odds ratio

Univariate

Age 0.25

Sex 0.1

Presentation 0.04

Bleeding 0.67

Ischemic 0.002

Mass effect 0.68

Headaches 0.18

Incidental 0.42

Type (fusiform vs non-fusiform) 0.43

Location (posterior vs anterior circulation) 0.1

Size (giant vs large vs small) 0.003

Multivariate

Age 0.54 0.02

Sex 0.64 0.49

Ischemic presentation 0.13 1.69

Location 0.81 −0.3
Size (giant vs large vs small) 0.06 1.33

After backward elimination

Size (giant vs large vs small) 0.04 3.9

Acta Neurochir (2016) 158:247–254 251



There was a trend towards a better angiographic outcome,
defined as Raymond classes I and II, in small aneurysms com-
pared to large and giant aneurysms (P = 0.1). Angiographic
success rates in small, large, and giant aneurysms were 87, 72,
and 64 %, respectively.

Complication rate increased with size: there were no com-
plications in small aneurysms, 16.7 % in large aneurysms and
42.9 % in giant aneurysms (P = 0.003; Table 4). Furthermore,
there was a trend towards a higher complication rate in aneu-
rysms of the posterior circulation compared to the anterior
circulation (33.3 % vs 11.1 %), but this did not reach statistical
significance (P = 0.1; Table 4).

Patients who presented with an ischemic event were more
likely to have a poor outcome (P = 0.01; Table 5). There was a
trend towards poor clinical outcome in patients harboring larg-
er aneurysms (P = 0.07).

Multivariate models revealed that maximal diameter
class (i.e., small, large, or giant) was significantly associ-
ated with risk of complications (OR = 3.9, P = 0.04;
Table 4) with larger aneurysms associated with a higher
rate of complications. Patients who presented with an is-
chemic event had a significantly higher risk of poor out-
come (mRS >3) compared with other clinical presenta-
tions (OR = 9, P = 0.007; Table 5).

Discussion

The goal of the present study was to evaluate our results in the
use of the Silk flow diverter, and to search for patient or an-
eurysm characterisitics that are predictive of outcome.

Our main findings are that patients with small aneurysms
(<10 mm) had a low complication rate with a higher rate of
cure. Endovascular treatment with the Silk flow diverter is
therefore an acceptable treatment option in selected patients
with small aneurysms and a small ratio of dome to neck (i.e.,
wide neck).

A relatively high angiographic cure rate (~70 %) was also
achieved for large and giant aneurysms, but with higher com-
plication rates of 16.7 and 42.9 % respectively.

For giant fusiform aneurysms of the posterior circulation,
the results were particularly unfavorable. These lesions were
associated with a high rate of complications (4/7 = 57 %) that
were related to brainstem ischemia secondary to perforator
occlusion [17]. We now believe that flow diverters are not a
good treatment option for these lesions and have changed our
policy to try and achieve a more gradual flow diversion using
braided stents in a step-wise fashion. We hypothesize that this
will achieve slow thrombosis in the aneurysm and allow the
brainstem perforators to be preserved.

Flow diverters were originally developed for wide-necked
large and giant aneurysms of the carotid cavernous, clinoid
and supra-clinoid segments that are known to have a particu-
larly high rate of recurrence [12]. The angiographic cure rates
using flow diverters are higher compared with coiling alone;
however, usage of these devices is also associated with a long
learning curve and a higher complication rate than simple
coiling [7]. In our series, we used flow diverters mainly for
complex aneurysms (fusiform or wide neck) both in the ante-
rior and posterior circulation, where coiling was not a sustain-
able treatment option. With time and experience, we have
expanded the indications and have found that Silk offers a
technically feasible way for treating saccular aneurysms,
sometimes less technically demanding than coiling or coiling
with balloon assistance.

Technical points

One of the main advantages of flow diverters is that there is no
need to enter the aneurysm lumen, reducing the risk of perfo-
ration. Also, there is no need for assisting devices like bal-
loons, making the treatment simpler in one aspect, but requir-
ing specific expertise in the use of flow diverters [9].

Our early experience with the Silk flow diverter has taught
us that it tends to expand and shorten when it is deployed in a
wide vascular lumen [3, 9]. This is due to its low radial resis-
tance. To reduce the risk of the Silk collapsing into the aneu-
rysm sac, there must be a minimal length on both sides of the
neck in order to stabilize it (we use 6 mm on each side) [9]. In

Table 5 Results of univariate and multivariate analyses exploring the
association between individual treatment variables and poor clinical
outcome (mRS >3)

Covariate P value Odds ratio

Univariate analyses

Age 0.24

Sex 0.0069

Presentation 0.071

Bleeding 0.4

Ischemic 0.01

Mass effect 1

Headaches 1

Incidental 0.48

Type (fusiform vs non-fusiform) 0.73

Location (posterior vs anterior circulation) 0.18

Size (giant vs large vs small) 0.07

Multivariate analyses

Age 0.49 0.02

Sex 0.28 0.87

Ischemic presentation 0.13 1.6

Size 0.29 0.56

Location 0.60 −0.55
After backward elimination

Ischemic presentation 0.007 9.17
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addition, we tend to use an adjuvant Leo stent as a bridge for
the Silk when the neck is wider than 8 mm or for fusiform
aneurysms. The Leo is deployed first and serves as a frame for
the Silk that is then deployed inside, thereby preventing short-
ening of the Silk and bulging into the aneurysmal lumen.
Additional stents are not required when using other flow
diverters (e.g., Pipeline) because of their different physical
properties. However, a complete comparison between differ-
ent flow diverters is beyond the scope of this paper.

On the other hand, one of the advantages of this behavior of
the Silk is that familiarity with it allows the surgeon more
flexibility in the treatment. Unlike laser-cut stents, the braided
Silk has the potential to open in a range of lengths depending
on the luminal diameter. Practically this means that the de-
ployment length of the Silk will increase in smaller diameter
vessels and will be shorter in larger diameter vessels. In addi-
tion Silk can be resheathed and relocated as needed to achieve
precise location of the device.

Another lesson learned is that flow diverters will not work
in patients on Coumadin, as witnessed in one of our patients.
This is most probably due the effect of Coumadin on coagu-
lation, preventing thrombosis in the aneurysmal sac. In these
cases we will use stents with coils in the future.

Treatment during the acute post SAH phase

The three cases that were treated during the acute phase post
bleeding represent an exception to our usual policy of treating
ruptured aneurysms acutely with coils and scheduling them
for stent or flow diversion at a later stage if needed. In one of
those cases we suspected a high tendency to reopening of the
aneurysms based on the morphology and location [5, 14]. The
caveat of using flow diverters in the acute phase is the need for
antiaggregant treatment that might complicate surgical inter-
vention. Because of the patient’s good clinical condition and
relatively mild SAH, we did not think there would be a high
likelihood that he would require cerebrospinal fluid (CSF)
drainage, and we decided to save the patient another proce-
dure that we thought was inevitable with the use of coils alone.
The other two cases were of a blister aneurysm and a vertebral
dissection that could not be treated with coils. The options
were regular stent or flow diverter and we preferred the latter.

Conclusions

The Silk flow diverter offers a good treatment option for
wide-neck aneurysms of the anterior circulation. However,
their use is associated with unique technical nuances and re-
quires specific expertise. Additional stents may be required in
specific cases due to the Silk’s low radial resistance.
Treatment of giant fusiform aneurysms of the posterior

circulation with Silk flow diverters is associated with a higher
rate of severe complications.
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